ABSTRACT
INTRODUCTION
Genome maintenance mechanisms (GMM) are critical for cell homeostasis. Evolution has shaped sophisticated repair systems that cover most of the insults that can cause genome damages. Defects in any of these systems can predispose to cancer (Castro et al., 2008) . At least four DNA damage repair pathways operate in mammals that, together with apoptosis and chromosome stability pathways, comprise the basis of GMM (Zhivotovsky and Kroemer, 2004; Hoeijmakers, 2001) .
We have previously constructed a network-based model of human GMM (Castro et al., 2007) in which different gene activity data were projected onto the interaction map (Castro et al., 2008) . Here we extend these previous studies and develop a new software which could serve as a generalized tool to evaluate gene expression networks. With a graphical user interface, ViaComplex can either compute gene activity data for the internal model, or import cus-* To whom correspondence should be addressed. tomized models of gene/protein interaction networks. In this case, the GMM network model illustrates the type of problem that can be deal with the software for different gene networks. It can be used to produce publication quality images where data are visualized as functional landscapes projected onto gene network maps. ViaComplex also provides a statistical module based on the concept of information theory where multiple hypotheses are controlled by the false discovery rate (FDR) approach.
IMPLEMENTATION
ViaComplex program code is written for Linux and Windows Intel FORTRAN compilers (version 10.1.025) and is linked with Dislin 9.4, a scientific plotting library (http://www.dislin.de/). The main advantage of this program is that it is able to distribute a given quantity (quantitative or qualitative data) onto gene/protein interaction networks. To do this, ViaComplex overlaps functional information with interaction information (e.g. the network-based model of GMM).
The GMM network model comprises 180 genes that participate in human apoptosis and genome-stability functions as previously described (Castro et al., 2007) and is depicted in Figure 1A . As an example of ViaComplex capabilities, in Figure 1B we show a microarray data analysis processed by the landscape module where gene expression activity is plotted over the network topology. In this figure the software distributed the microarray signal according to the coordinates of the network objects (i.e. nodes and links). By default, ViaComplex will distribute the signal on both nodes and links, but the user can change this option together with other ones available in the console. Also, the same algorithm can map qualitative data, as exemplified with cancer mutations (Fig. 1C) , cell lethality ( Fig. 1D ) and genetic plasticity (Fig. 1E) . Alternatively, user can compare two different functional states of the same gene network topology (Fig. 1F, methylated vs. nonmethylated states) .
The install package includes a comprehensive help file that provides the user all necessary details to prepare the data input and to execute the data analysis. ViaComplex can read the common gene/protein identifiers (e.g. EMBL, ENTREZ, UniProt, HGNC, RefSeq, and UniGene) and the resulting graphs can be previewed as XWIN format or saved as PDF, EPS or PostScript files.
Fig. 1. Landscape analysis of Genome Maintenance Mechanisms (GMM). (A)
Graph of interactions among genes involved GMM, as previously described (Castro et al., 2007 ) (B) Example of gene expression data analysis using breast MCF7 cell line (GEO accession n. GSM155194). Color gradient represents the transcriptional activity mapped onto graph. The same algorithm can be used to map different data, e.g., (C) genes causally implicated in human cancer, (D) yeast lethality data, and (E) genetic plasticity, as defined in Castro et al. (2008) . ( The install package also comprises an extensive library of published studies that exemplifies all procedures by a simple mouse click. In this sense, the GMM network model can be used to observe the functionality of the algorithm, which can analyze different gene networks. Supplementary Figure 1 illustrates this possibility for a large network (with 1892 genes). Such option is available at the "custom model" module. It is semantically focused in genes, matching gene IDs and node IDs. If there is more than one microarray probe interrogating the expression of a given gene, then the software takes the average of the expression values, which allows the use of different microarray platforms (i.e. it does not involve comparisons between network nodes and probe tag IDs). Other numerical samples of different sizes are available at ViaComplex home page.
Additional features of the software include a statistical module where two microarray datasets can be compared following the method described at Castro et al., (2007) , as exemplified in Figure  1G for the data used to build the Figure 1F . We anticipate that ViaComplex will be useful to mine graph patterns from highthroughput experimental data.
